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Description 

This invention relates to a closed flexible pro- 
cessing assembly for use in carrying out centri- 
fugal plasmapheresis. More particularly, the inven- 
tion relates to a processing assembly of the kind 
shown in US-A-3 244 363. 

Half of the blood is so-called plasma, a yellow- 
ish liquid containing various proteins. The other half 
of the blood contains cellular material, such as red 
blood cells, white blood cells and platelets. Plasma 
is used in transfusions and as raw material for the 
pharmaceutical industry in connection with the pro- 
duction of pharmaceuticals, such as albumin, gam- 
ma globulin and Factor VIII (haemophilia medica- 
ment). 

Plasma may be obtained in pure form by cen- 
trifugation, about 200 ml of red blood cells and 
about 250 ml of plasma being obtainable from a 
donated blood unit of about 500 ml, including anti- 
coagulant. The plasma fraction can also be ob- 
tained by plasmapheresis, in which the blood of the 
blood donor is withdrawn and centrifuged where- 
upon the red blood cells are returned to the donor. 
Plasmapheresis is advantageous because it is a 
cheaper method of obtaining plasma in the case 
where red blood cells are not needed, because 
each withdrawal yields more plasma (in total 600 
ml in the case of two-cycle plasmapheresis), and 
because plasmapheresis can be carried out more 
frequently than blood donation. 

Relatively expensive automated equipment for 
plasmapheresis is known, such as the Haemonetic 
or Haemoscience (commercial designations) ma- 
chines which are made in the United States. 

Apart from the high cost for the plasma pro- 
duction, these machines are only suitable for with- 
drawal in large blood banks, and for that reason 
plasmapheresis has to be carried out manually in 
most cases, especially when withdrawal is carried 
out in mobile units. 

When plasmapheresis is carried out manually, 
blood is withdrawn from a blood donor (BG) and 
conveyed through a flexible tube to a bag posi- 
tioned on a combined weighing scale and rocker. 
The scale discontinues the blood withdrawal and 
gives a warning when a sufficient amount of blood 
(about 450 ml) has been withdrawn, and the rocker 
mixes the blood with the anticoagulant. Thereupon 
the flexible tube is cut off under the action of heat 
so that the ends of the flexible tube are sealed, and 
the bag is carried to a centrifuge in which separa- 
tion takes place. In the next step the bag is trans- 
ferred to a squeezing device in which the plasma 
collected in the upper portion of the bag is ex- 
pelled into a different bag. Saline is then added to 
the original bag containing the blood cells which 
are retransfused to the blood donor. Normally, this 



procedure is repeated with one and the same 
blood donor, that is, so-called two-cycle plas- 
mapheresis is carried out, yielding 500-600 ml of 
plasma, including the originally added anticoagu- 
5 lant. 

This system has many disadvantages: 

- Many manipulative steps including connec- 
tions and disconnections of flexible tubes are 
required; 

w - Separation of plasma from the centrifuged 
bag takes place manually and with the frac- 
tions held separated only under the action of 
the normal gravity, which means that high 
quality is not achieved, that is, that cellular 

j s material is left in the plasma. In order that 

high quality may be achieved, it is necessary 
to carry out repeated centrifugations and to 
transfer the plasma to a further secondary 
bag, which means added costs; 

20 - The method lends itself to confusion, be- 
cause the bag is physically separated from 
the blood donor; 

- The method is time-consuming in that it takes 
about one hour. It is easy to recruit persons 

25 for donating blood, which takes about 15 min- 

utes, but it is more difficult to find persons 
who can sacrifice one hour. 
The object of the present invention is to pro- 
vide a container assembly which allows of small- 
30 scale semi-automated plasmapheresis, e.g. in mo- 
bile units, such as blood buses, and the use of 
which involves the following advantages over man- 
ual plasmapheresis: 

- Increased speed; 

35 - Improved plasma quality (fewer cells left in 
the plasma); 

- Simplified procedure and reduced number of 
manipulative steps. 

- Increased safety because of reduced danger 
40 of confusion; 

- A large stationary centrifuge can be dis- 
pensed with. 

This object is achieved by a processing as- 
sembly as defined in the claims. 

45 The processing assembly according to the in- 

vention can be used in a centrifuge of the type 
described in Swedish patent application No. 
8602242-3 ( = EP-A-305 397). This patent applica- 
tion discloses a centrifuge in which the processing 

so space of the rotor includes an annular separation 
compartment and a central compartment. The vol- 
ume of the separation compartment can be re- 
duced during the centrifugation to displace a centri- 
fugally separated component into the central com- 

55 partment. An oscillating reciprocatary movement 
can be imparted to the rotor, and the processing 
space can be subjected to overpressure or vacu- 
um. 
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In use of the processing assembly according to 
the present invention, blood is withdrawn from the 
blood donor direct into an annular primary con- 
tainer forming part of the closed flexible processing 
assembly which is positioned in the processing 
space of the centrifuge rotor. The centrifuge may 
be positioned immediately adjacent the blood do- 
nor coach. During the withdrawal the rotor is os- 
cillated to mix the blood with anticoagulant with 
which the primary container has been primed be- 
forehand or which is supplied at the same time as 
the blood. The next step consists in centrifugation 
of the blood in the primary container to separate 
blood cells and plasma. After a given centrifuging 
time, the plasma is expelled to a secondary con- 
tainer forming part of the processing assembly and 
disposed in the central region of the annular pri- 
mary container. This transfer of the plasma may 
preferably be effected by increasing the rotational 
speed of the centrifuge so that a centrifugally op- 
erated valve opens a connecting duct between the 
primary container and the secondary container and 
at the same time subjecting the primary container 
to a squeezing pressure. Thereupon the centrifuga- 
tion is discontinued, and liquid diluent 
(physiological saline) is fed to the primary con- 
tainer while agitation is again effected by oscillating 
the rotor, and the thus resuspended blood cell 
fraction is retransfused to the blood donor. 

The invention will be described in greater detail 
hereinafter with reference to the accompanying 
drawings, in which: 

Fig. 1 is an elevational view of one embodiment 
of a processing assembly according to the in- 
vention; 

Fig. 2 is a plan view of the processing assem- 
bly; 

Fig. 3 is a diagrammatical cross-sectional view 
of the centrifuge rotor according to SE 8602242- 
3 ( = EP-A-305 397); 

Figs 4a-4e show the various steps of plas- 
mapheresis carried out with the aid of the pro- 
cessing assembly according to the invention. 
Figs. 1 and 2 show a processing assembly 1 
comprising an annular primary container 2 and a 
secondary container 3 in the centre of the annulus. 
A flexible tube 4 is connected to the primary con- 
tainer, passes through a sealing body 5 and ends 
in a sterile connector 6. A collapsible flexible tube 
7 connects the portion of the primary container 2 
closest to the centre of rotation with the secondary 
container 3. The flexible tube 7 is provided with a 
check valve 21 which permits liquid flow from the 
primary container to the secondary container but 
closes to flow in the opposite direction. The flexible 
tube 7 is also passed through the sealing body 5 
and forms a loop 8 on its outer side and then 
returns through the sealing body. The sealing body 



5. which may consist of a rubber stopper, for 
example, serves to seal the separation space of the 
rotor from the surrounding atmosphere after the 
processing assembly has been brought in position 

5 in the separation space. 

The processing assembly is made from pieces 
of plastic foil which are interconnected by an outer 
annular joint 9 and an inner annular joint 10. In this 
way, an annular primary container 2 and a disc-like 

io secondary container 3 in the central region of the 
annulus are formed. Suitably, the inner joint is 
provided with a perforation 1 1 in the middle so that 
the containers can be disconnected from one an- 
other. The plastic foil preferably is made of PVC or 

75 polyethylene, and the joining is effected by heat 
sealing in well-known manner. The flexible tubes 4 
and 7 are welded in similar manner to the plastic 
sheet, if desired with a reinforcing neck at the point 
of attachment. 

20 Fig. 3 is a diagrammatic cross-section of a 

rotor which is suitable for use in carrying out the 
present invention. A centrifuge rotor of the illus- 
trated design is described in greater detail in 
Swedish patent application No. 8602242-3 ( - EP-A- 

25 305 397). The processing assembly 1 is positioned 
in the processing space 12, 13 of the rotor. Nu- 
meral 12 designates an annular separation com- 
partment and numeral 13 designates a central 
compartment communicating with the separation 

30 compartment. In the cover 14 of the rotor there is 
an opening 15 above the central compartment. 
When the processing assembly has been brought 
in position in the rotor, this opening is sealed by 
pulling the sealing body 5 upwardly into the open- 
as ing 15 whereupon the processing space of the 
rotor may be subjected to overpressure or vacuum 
by way of a connection 16. When this is done, the 
valved connector 6 of the flexible tube 4 and the 
tube loop 8, which is inserted in a centrifugally 

40 operated pinch valve 17, are positioned outside the 
sealed separation space. A pressure medium 18, 
e.g. a rubber body, is deformed as a result of the 
centrifugation and exerts a pressure on the primary 
container 2 positioned in the separation compart- 

45 ment 12. The rotor is driven by a programme- 
controlled motor {not shown). 

In use of the apparatus of Figs. 1 and 2. a 
processing assembly is positioned in the rotor, and 
the processing space of the rotor is sealed by 

so means of the sealing body 5. The tube loop 8 is 
inserted in the pinch valve 17. Figs. 4a-4e show the 
various steps of the procedure which is then car- 
ried out. 

Fig. 4a shows withdrawal of blood during agita- 
55 tion. The connector 6 is attached to a standard 
withdrawal kit which is also linked to a blood donor 
(BG). Blood is withdrawn from the blood donor and 
at the same time anticoagulant (CPD) is added. 



5 



EP 0 304 431 B1 



6 



Alternatively, if only single-cycle plasmapheresis is 
to be carried out, the primary container may be 
primed with anticoagulant beforehand. When two- 
cycle plasmapheresis is carried out, anticoagulant 
is continuously supplied through the blood with- 
drawal kit as shown in Fig. 4 or by priming the 
primary container with one unit of anticoagulant. If 
the negative hydrostatic pressure from the blood 
donor to the primary container is insufficient for 
normal withdrawal of blood, the processing space 
of the centrifuge may be subjected to vacuum. In 
the centrifuge according to SE 8602246-3 a vacu- 
um pump is connected to the passage 16 (Fig. 3) 
to provide the desired increased vacuum. The 
blood of the donor now flows into the primary 
container 2. To ensure that the anticoagulant is 
thoroughly mixed with the blood, the centrifuge is 
programmed during this phase to oscillate the rotor 
at a predetermined amplitude and a predetermined 
frequency. 

The primary container suitably is designed to 
accommodate a blood donation (usually 500 ml) so 
that the withdrawal of the blood is discontinued 
automatically when this quantity has been with- 
drawn. The centrifuge may be equipped with an 
alarm device which is activated when the primary 
container has been filled. Attention is thereby 
called to an attendant who disconnects the blood 
withdrawal kit from the connector 6, and in the 
customary manner saline is fed to the blood donor 
to replace a portion of the withdrawn blood and to 
keep the blood withdrawal tubes clean. At the same 
time, the centrifuging step I (Fig. 4b) is initiated by 
switching the centrifuge from oscillation to rotation, 
and the rotor is accelerated to a selected separa- 
tion speed. In centrifuging step I the blood cells 
settle in the peripheral part of the primary container 
while the plasma is collected in the portion of the 
annulus 2 closest to the centre. In this step the 
connecting tube 7 is kept closed by the centrifugal 
valve 17, for example. 

After a calculated time has elapsed, centrifug- 
ing step II (Fig. 4c) is initiated. In this step the 
separated plasma is caused to flow to the secon- 
dary container 3 by way of the check valve 21. 
This is accomplished by reducing the volume of 
the separation compartment while the centrifuga- 
tion is going on so that the primary container 2 is 
compressed and the plasma fraction is displaced to 
the secondary container 3. In one embodiment of 
the centrifuge described in SE 8602242-3, this is 
done with the aid of a rubber body 18 (Fig. 3) 
positioned in the rotor, which rubber body has 
greater density than the blood and/or is acted on 
by radially displaceable weight segments. During 
the centrifugation the rubber body exerts a pres- 
sure on the primary container in the separation 
compartment. However, the centrifuged blood vol- 



ume cannot move, because the valve 17 is closed. 
While centrifuging step II is carried out, the valve 
17 is opened and the rubber body 18 is deformed 
into the separation compartment and expels a cor- 

5 responding volume of plasma into the secondary 
container. In accordance with a preferred embodi- 
ment, centrifuging step II is carried out at a higher 
centrifuge speed than centrifuging step I. The 
transfer of the plasma then takes place while the 

w separated phases are subjected to the action of a 
centrifugal field which is even stronger than that 
existing during the settling phase (centrifuging step 
I). The danger of resuspending blood cells in the 
plasma fraction during the transfer therefore is very 

15 small. When two centrifuge speeds are used, the 
valve 17 may be a centrifugal valve set to be 
closed at the lower speed and to open at the 
higher speed. The rubber body 18 and the weight 
segments or corresponding means may also be 

20 adapted to provide the required transfer pressure 
only when the higher speed has been reached. 

The transfer may also by monitored by 
photocells, e.g. at the tube loop 8, which then has 
to be transparent. If cells reach the light path of the 

25 photocell, the transfer is discontinued, e.g. by re- 
ducing the centrifuge speed so that the centrifugal 
valve 17 closes and/or the pressure action of the 
rubber body ceases. 

After a predetermined time has elapsed, the 

30 centrifuge is stopped and the resuspension step is 
initiated (Fig. 4d). Liquid diluent (physiological sa- 
line) is now fed to the primary container by way of 
the connector 6 while the rotor is again oscillated. 
The processing space of the centrifuge may then 

35 be subjected to vacuum in the same way as during 
the withdrawal of blood so that the introduction of 
the saline into the primary container is facilitated. 
When the cell concentrate remaining in the primary 
container has been diluted to the desired con- 

40 centration, the retransfusion step (Fig. 4e) is com- 
menced. A new flexible tube is attached to the 
connector 6, and the processing space on the rotor 
is subjected to a predetermined overpressure, e.g. 
by pumping air into it by way of the passage 16. 

45 The contents of the primary container then flow 
through the attached flexible tube by way of an air 
trap and a connected transfusion kit with a filter 
and back to the blood donor. When the primary 
container 2 is empty, a single-cycle plas- 

so mapheresis is completed. When two-cycle plas- 
mapheresis is carried out, the secondary container 
3 is made large enough to accommodate two 
batches of plasma, and the procedure is repeated 
with the same processing assembly. The cover 14 

55 is then removed, and the flexible tube 7 is sealed 
and cut, e.g. by means of a pair of heat-sealing 
jaws. The secondary container with the recovered 
plasma is torn away from the primary container 
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along the perforation 11 of the joint 10. Then the 
secondary container can immediately be frozen to 
save the quality of the plasma. 

Claims 

1. A closed flexible processing assembly for use 
in the production of blood plasma by centri- 
fugal separation of blood withdrawn from a 
blood donor, which processing assembly is 
adapted to be received in a processing space 
(12,13) in the rotor of a centrifuge, and com- 
prises an annular primary container (2); a sec- 
ondary container (3) positioned in the central 
region of the annular primary container; a col- 
lapsible connecting duct (7) connecting the 
portion of the primary container closest to the 
centre of rotation with the seconary container; 
and a flexible tube (4) connected to the pri- 
mary container, characterised in that the pri- 
mary (2) and secondary (3) containers consist 
of pieces of plastic foil permanently joined 
together by heat sealing along a continuous 
outer annular joint (9) and a continuous inner 
annular joint (10) and in that the collapsible 
connecting duct (7) is a second flexible tube. 

2. A processing assembly according to claim 1, 
characterised by a sealing body (5) for seal- 
ing the processing space (12,13) of the rotor 
from the surrounding atmosphere after the pro- 
cessing assembly has been positioned in said 
space with the flexible tube (4) accessible from 
outside. 

3. A processing assembly according to claim 2, 
characterised in that the collapsible connect- 
ing duct (7) between the primary container (2) 
and the secondary container (3) comprises a 
second flexible tube extending through the 
sealing body (5) so as to form a loop (8) 
exteriorly of the sealing body. 

4. A processing assembly according to claim 1, 
characterised in that the connecting duct (7) 
includes a check valve (21) permitting liquid 
flow from the primary container (2) to the sec- 
ondary container (3). 

5. A processing assembly according to claim 1, 
characterised in that the inner annular joint 
(10) is perforated so that the containers (2,3) 
can be disconnected from one another. 

Patentanspriiche 

1. Geschlossene, flexible Behandlungseinheit zur 
Verwendung bei der Herstellung von Blutplas- 



ma durch Zentrifugaltrennung von einem Blut- 
spender entnommenem Blut, wobei diese Be- 
handlungseinheit geeignet ist, in einem Be- 
handlungsraum (12,13) in dem Drehkorper ei- 

5 ner Zentrifuge aufgenommen zu werden, und 

umfaflt einen ringformigen Primarbehalter (2); 
einen im Zentral bereich des ringformigen Pri- 
marbehalters angeordneten Sekundarbehalter 
(3); einen beweglichen Verbindungskanal (7), 

10 der den zum Rotationszentrum nachsten Ab- 

schnitt des Primarbehalters mit dem Sekun- 
darbehalter verbindet; und einen flexiblen 
Schlauch (4), der an den Primarbehalter ange- 
schlossen ist, dadurch gekennzeichnet, daB 

15 der Primar- (2) und Sekundarbehalter (3) aus 

Plastikfoliestrucken bestehen, die durch HeiB- 
verschweiBen entlang einer fortlaufenden auBe- 
ren Ringnaht (9) und einer fortlaufenden inne- 
ren Ringnaht (10) dauerhaft miteinander ver- 

20 bunden sind, und daB der bewegliche Verbin- 

dungskanal (7) ein zweiter flexibler Schlauch 
ist. 

2. Behandlungseinheit nach Anspruch 1. gekenn- 
25 zeichnet durch einen Abdichtungskorper (5) 

zum Abdichten des Behandlungsraumes 
(12,13) des Drehkorpers gegenuber der umge- 
benden Atmosphare, nachdem die Behand- 
lungseinheit mit dem von auBen zuganglichen, 
30 flexiblen Schlauch (4) in dem Raum angeord- 

net worden ist. 

3. Behandlungseinheit nach Anspruch 2, dadurch 
gekennzeichnet, daB der bewegliche Verbin- 

35 dungskanal (7) zwischen dem PrimSrbeha'lter 

(2) und dem Sekundarbehalter (3) einen zwei- 
ten flexiblen Schlauch umfaBt, der sich derart 
durch den Abdichtungskorper (5) erstreckt, daB 
eine Schleife (8) auBerhalb des Abdichtungs- 

40 korpers gebildet wird. 

4. Behandlungseinheit nach Anspruch 1 , dadurch 
gekennzeichnet. daB der Verbindungskanal (7) 
ein Regulierventil (21) enthalt, das den Liquid- 

45 fluB von dem Primarbehalter (2) zu dem Se- 

kundarbehalter (3) erlaubt. 

5. Behandlungseinheit nach Anspruch 1, dadurch 
gekennzeichnet, daB die innere Ringnaht (10) 

so perforiert ist, so daB die Behalter (2,3) vonein- 

ander getrennt werden konnen. 

Revendicatlons 

55 1. Appareil de traitement souple ferme" pour utili- 
sation dans la production de plasma sanguin 
par separation centrifuge de sang provenant 
d'un donneur, lequel appareil de traitement est 
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adapte a etre regu dans un espace de traite- 
ment (12,13) dans ie rotor d'une centrifugeuse, 
et comprend un recipient principal annulaire 

(2) ; un recipient secondaire (3) positionne* dans 

la region centrale du recipient principal annu- 5 
laire; un conduit de raccordement souple (7) 
reliant la portion du recipient principal la plus 
proche du centre de rotation au recipient se- 
condaire; et un tube flexible (4) relie au reci- 
pient principal, caracterise en ce que les reci- jo 
pients principal (2) et secondaire (3) consistent 
en des morceaux de feuille plastique relies de 
maniere permanente par therm oscellage le 
long d'un joint annulaire externe continu (9) et 
d'un joint annulaire interne continu (10) et en js 
ce que le conduit de raccordement souple (7) 
est un second tube flexible. 

2. Appareil de traitement selon la revendication 1 , 
caracterise par un corps d'etancheite" (5) pour 20 
isoler hermetiquement I'espace de traitement 
(12,13) du rotor de I'atmosphere environnante 

une fois I'appareil de traitement positionne 
dans ledit espace avec le tube flexible (4) 
accessible depuis I'exterieur. 25 

3. Appareil de traitement selon la revendication 2, 
caracterise en ce que le conduit de raccorde- 
ment souple (7) entre le recipient principal (2) 

et le recipient secondaire (3) comprend un 30 
second tube flexible traversant le corps d'etan- 
cheite - (5) de maniere a former une boucle (8) 
a I'exterieur du corps d'6tanch6ite\ 

4. Appareil de traitement selon la revendication 1 , 35 
caracterise en ce que le conduit de raccorde- 
ment (7) comprend une soupape de non-retour 

(21) permettant la circulation de liquide du 
recipient principal (2) au recipient secondaire 

(3) . 40 

5. Appareil de traitement selon la revendication 1 , 
caracterise en ce que le joint annulaire interne 
(10) est perfore" de maniere que les recipients 
(2,3) puissent etre detaches I'un de Tautre. 45 
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